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A commentary on
Comment on “Record solar UV irradiance in the tropical Andes, by Cabrol et al.”
by McKenzie, R. L., Bernhard, G., Madronich, S., and Zaratti, F. (2015). Front. Environ. Sci. 3:26.
doi: 10.3389/fenvs.2015.00026
The record high UV-B values measured in the tropical Andes by Cabrol et al. (2014) are due to
several circumstances. The location is within the equatorial belt, at high altitude (5917m a.s.l.)
and is characterized by an extremely clear and dry atmosphere. The exceptional high values can
be explained by two effects: radiation scattering by clouds described by a cloud modification
factor (CMF) and negative ozone anomalies (NOA; Feister et al., 2015). An enhancement of solar
irradiance of 43% over cloudless conditions (CMF = 1.43) was reported for Recife, Brazil (8◦S;
Piacentini et al., 2011). Enhancements by 50% in the UV-B irradiance were reported for Girona
(Spain, 42◦N and 100m a.s.l.), and for Toowoomba (Australia, 28◦S and 693m a.s.l.; Sabburg and
Long, 2004; Sabburg and Calbó, 2009).
Unfortunately, no satellite-based column ozone data are available for the time and location of
the ground-based UV-B irradiance measurements. In addition to generally low stratospheric ozone
values in the tropics, small-scale negative ozone anomalies need to be considered which result
in short-term high UV-B irradiances and high UV-B/UV-A irradiance ratios occurring at high-
altitude sites. Both scattering of solar radiation by clouds and the occurrence of NOAs as discussed
by Feister et al. (2015) can explain the high UV-B irradiances and the enhanced UV-B/UV-A ratios.
In addition to the potential sources of NOAs discussed by Cabrol et al. (2014), NOAs could
be also produced by short-time and small-scale blue jets, as proposed by Feister et al. (2015).
These are beams of electromagnetic pulses with narrow spatial extension of about 400m on top
of Cumulonimbus clouds. They can reach into the stratosphere and extend horizontally to reach
diameters of about 3 km at 35 km altitude (Mishin, 1997). The consequences are a short initial
increase in ozone due to NOx and N2O production followed by a drastic decrease in ozone
concentration due to the production of NO which destroys ozone (Winkler and Notholt, 2015).
If spread by atmospheric motion, these NOAs can be detected by satellite-based instruments with
high pixel resolution.
The Eldonet instruments used in the study by Cabrol et al. (2014) are part of an international
network with over 100 instruments deployed in many countries on five continents. McKenzie
has used one of these instruments in New Zealand and is a coauthor of a publication which
reported the results of measurements covering more than a decade (Häder et al., 2007). The
absolute calibration of the instruments was tested in intercalibrations in Garmisch-Partenkirchen
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FIGURE 1 | UV-B irradiances measured on 16 January 2004 on
Licancabur (22.48◦S/67.47◦W, 5917m a.s.l.; blue) and at Laguna Blanca
(22.50◦S/67.53◦W, 4340m a.s.l.; violet).
(Häder et al., 1999) and at the Physikalisch-Meteorologisches
Observatorium in Davos, Switzerland in 2006. A calibration
coefficient of 1.0044 has been calculated (certificate number
2006/BB14/1). The absolute spectral irradiance of the
instruments was calibrated against a light source traceable
to the primary irradiance standard of the PTB (Braunschweig,
Germany).
One final consideration concerns a potential malfunctioning
of an instrument due to the challenging environmental
conditions in the high Andes. While the UV-B maxima on
the summit were about 4.1 W m−2 during the summer, eight
instances of extreme irradiances were recorded between 25
November 2003 and 25 January 2004 (Cabrol et al., 2014). A
strong argument against a malfunctioning of an instrument
being the source for the extreme values is the fact that on
several occasions maximal values were found in one instrument
located on Licancabur (5917m a.s.l.) and several hours later
by a second instrument positioned at Laguna Blanca 10 km to
the east (4340m a.s.l.) with somewhat lower UV-B irradiances
due to the lower altitude. Figure 1 shows the extreme UV-B
irradiances recorded on 15 January 2004 for the two locations.
The irradiance patterns indicate partly cloudy conditions,
which are a prerequisite for the enhanced CMFs, and maxima
in the morning between 10 and 11 h for Licancabur and
maximal values between 14 and 15 h for the Laguna Blanca
instrument. This result (and several others, not shown here)
makes the assumption of an instrument malfunctioning highly
improbable.
As a conclusion, the simultaneous occurrence of wavelength-
dependent enhanced cloud amplification factors and assumed
NOAs at this high altitude site characterized by a close vicinity to
the equator and pristine atmospheric conditionsmay well explain
the record highUV-B irradiances reported by Cabrol et al. (2014).
A malfunctioning of an instrument can be excluded.
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